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1 pl 59 v titanium tetraisopropoxide(TTIPYE FAN | & ARE5I] 1 cc F-3] 2] STl =5k 7|3kA1] 3
o] o8] A7 4 mm, Zo] 35 cm] ¥ oo} ZENRS YR Sukslo] ARa AZOEA 30-300 nm F719] TiO,
RSl AZSSon, M B TTIP 57) Sk AR 10, ARl A, 271, AFA) el Al jake
ZARIATE, Al 7] % 1 mol%ellx] ¥H-2%E 300, 500, 700 °CE W2 A¥} 92557} Z715ke] wlef
SAAE ek e 12k YA 37]7} Z2e9lar, 700 °CollM= YA A718-3E7) bimodal FEE LFERASITE. BE

SEE 700 °CE A5k Al 5] EEE 1, 3.5, 7 mol%E WH3IAIZ] A3} AA] F7] 5 3.5 mol% o4
A= 1 mol%olA] HEAERE bimodal TJJ} AR AL S A Ul 1zF YARES] /H—r7} diF oz ol F71318]

of BES2 % 9 AA FE7F AR @4, AR nlAE o)9) B2 YIS o9 AFANET ¥ Bl
A8l

Abstract — TiO, particles, 30-300 nm in diameter, were prepared by thermal decomposition of titanium tetraisopro-
poxide (T'TIP) using an aerosol microreactor, by which about 1 pl of the liquid precursor is injected into an evaporator, 1 cc
in volume, and vaporized precursor is then transported by nitrogen as a bolus to a tubular reactor 4 mm in diameter and
35 cm in length. Investigated were the effects of the reactor temperature and the concentration of TTIP vapor on the
morphology, particle size distribution and crystalline structure of produced TiO, particles. With TTIP vapor concentra-
tion kept constant at 1 mol%, the reactor temperature was varied from 300 to 500 and 700 °C. The primary particle size
decreased with increasing the temperature, and the size distributions were mono-modal at 300 and 500 °C, but bi-modal
at 700 °C. The TTIP vapor concentration was increased from 1 to 3.5 and 7 mol%, holding the reactor temperature at
700 °C. The bi-modal distribution seen at the concentration of 1 mol% disappeared and the number of particles com-
posing an agglomerate increased at the higher concentrations. These effects of the reactor temperature and the precursor
concentration were discussed in comparison with experimental results reported earlier.
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Fig. 1. First microreactor for nanopowders by gas phase reaction.
The dark area indicates TTIP vapor.

sfetsst Ml43d Hs= 2005 103

o] it esh, oo wiet AYES] Y el SEe
& AP SHelM e RS AYaL Al

Park 5-[3]°] vlo]=LZREET oAM= ATAIE FAP ]2 S
2] g APgelln ArAIgk B9k A2 AbwkelA] S
FAPZ el ofal] Satell FRlE A7 Al Fio] eEEEA
ok = Q= o] ArEo] QA skt 71 el 2
AR Azl AR AT AR T7] ?-’] T WS-SR A
o] = 3lem, w}i‘rﬁ TAE AR o=RE AF sl vio]

SEikey] Zutow ek 7 oﬂxﬂ 1) e e
e eie] 7sk= o] e E A0 sy

2 Ao ATAE FUROR 79 A 719} Ahera e
2 o] Folx|m, Zulztel] 9l & Zuke] o8] el T

N

U e AA5e Skl X" 48 g AN E ol gs S48
o A FEekE AIES Aok = EE St 2 vlo]a®
L |30l &82 4= o, V& A
TTIP Falel] 9] Tio, e Ak Al
5 ﬂ OJ} *ME] Azke] A, A
+S S0 W AFAIE
0.73%% %Xé%}ﬂl FASKICE. TTIP °E‘+oH°ﬂ Afﬂ TiO, Y=$i#
Z AL W7 AFAIE el dR=el B
A= HESF AFAIRR] Qo] wnjsiths A AR} By vp
ATH3, 4]. ¥ AFolME= WS AFAIZE Al STl TTIP
7} SHkEl & ko) o) FE 7] Ko M= —O—H & AFAIEE
HSIA|A ROk 11 o) S LEO|A|RE
QF TTIP F710l 9}1te] 38t wglr} ot ‘ﬂ%l_%?—_ ASIRN
AP el FFE vl owM PR =], Bl I E F A
A&7k sH= Azl A e,

1.1

2.4 ¢

2.1, ABFA|

1 ArollA] ARE-E mlo| A RN ] A&7k Y FHE AT
A T A, 9 FHE, AR FHRO R vrolA] QI Fig. 2
ol U}O]'ii‘ﬂ”*ﬂ«] A A1 H—%Eg HERASITE.

A|E7F2 FIFRL 7R A, 7k A, dexw
wo] Stk AA] F719] SRR AAE ARSIl o, da
) mek 2k S AAS7] 98] molecular sieve?} WA
o] Q= gas purifier(Hammond Drierite Co.)& SIA|ZALE #4917}

Glove box

ou lT]et TEM grid
I L|_E>?-] L

I Furnace

ﬁ Heating oil Heating coil

Flowmeter

Fig. 2. Schematic drawing of nanoparticle microreactor system.
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Table 1. Experimental conditions for TTIP decomposition

Reactor temperature (°C) 300 500 700
Flow rate of carrier gas (ml/min)* 168 124 100
Evaporator temperature (°C) 150
Residence time (s) Evaporator 5-120

Reactor 0.7
TTIP concentration (mol %) 1.0-7.0
Operating pressure (atm) 1.0
Evaporator volume (cm®) 1.0

Reactor tube quartz 4 mm LDx35 cm length

*All gas flow rates are based on 1 atm and 25 °C
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Fig. 3. Evaporator pressure with time for various TTIP concentra-
tions.
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Fig. 5. Effect of reactor temperature on particle morphology (TTIP concentration: 1 mol %, evaporator residence time: 30 s, reactor residence

time: 0.7 s).
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Fig. 7. Effect of TTIP concentration on particle morphology (reactor temperature: 700 °C, evaporator residence time: 30 s, reactor residence

time: 0.7 s).
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